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Abstract 
We propose a method for the detection of a dynamical Casimir effect. Assuming that the Casimir 
photons are being generated in an electromagnetic cavity with a vibrating wall (dynamical 
Casimir effect), we consider electrons passing through the cavity to be interacting with the 
intracavity field. We show that the dynamical Casimir effect can be observed via the 
measurement of the change in the average or in the variance of the electron’s kinetic energy. We 
point out that the enhancement of the effect due to finite temperatures makes it easier to detect 
the Casimir photons. 
 
 
1.  INTRODUCTION 
 
In 1948, Casimir predicted the existence of an attractive force between two perfectly conducting 
parallel plates placed in a vacuum [1]. Since then, a variety of fundamental and measurable 
consequences of quantum fluctuations under the influence of external conditions have been 
derived [2]. Recent precision measurements of the Casimir force [3] confirm the basic concepts 
of the quantum field theory in the presence of static external constraints. The success in 
measuring the static Casimir force intensified experimental efforts in order to verify a no less 
fundamental prediction, namely, the dynamical Casimir effect, i.e., the creation of particles out 
of a vacuum induced by the interaction with dynamical external constraints [4]. In particular, 
the creation of photons in vibrating cavities seems to be the most promising scenario for the 
possible experimental verification of motion-induced vacuum radiation [5]. Nowadays, the 
dynamical Casimir effect that appears due to the instability of the vacuum state of the 
electromagnetic field in the presence of time-dependent boundaries attracts increasing attention 
among theorists [6, 7] and experimentalists [8, 9]. The process involves the creation of Casimir 
photons in an electromagnetic cavity with a vibrating wall like electron vibration in free electron 
lasers [10-53]. This process can be effectively described by the following single-mode 
Hamiltonian [6] 
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which shows a parametric generation of the photons. Here, a  and  a  are the creation and 
annihilation operators for the photons at the frequency ω, respectively, and  λ is the coefficient 
responsible for the parametric generation.  
The detection of the Casimir photons with use of superradiance was recently proposed in [8]. 
The photons in the proposed setup are stored in a high-quality electromagnetic cavity and 
detected through their interaction with ultracold alkali-metal atoms prepared in an inverted 
population of hyperfine states. Superradiant amplification of the generated photons would result 
in a detectable radiofrequency signal temporally distinguishable from the expected background. 
An overview of this and related efforts can be found in [9]. In our paper, we propose another 
scheme for the detection of Casimir photons. We will exploit an interaction of the 
photons with electrons passing through the electromagnetic cavity with a vibrating wall. The 
interaction of an electron with an intracavity field while passing the cavity was actually 
considered half a century ago [54]. At that time, attention was paid to quantum fluctuations in 
the electron’s kinetic energy and to relationships similar to Nyquist’s formula. We will derive 
expressions for the average kinetic energy and its variance. However, our purpose is restricted to 
finding a way of detecting the photons generated in the dynamical Casimir effect. 
As we will show, the dynamical Casimir effect can be observed via the measurement of the 
change in the average or in the variance of the electron’s kinetic energy. Let us also point out 
that we present a fully quantum-mechanical approach. All of the variables for both the electron 
and the electromagnetic field are operators. 
 
 
 
2. EQUATIONS OF MOTION 
 
The 1D Hamiltonian for an electron interacting with an electromagnetic field is as follows [55]: 
 
            
2
1
( , ) ,
2
e
H p A x t
m c
 
  
 
                                                      (2) 
where p is the momentum operator, m is the mass of the electron, and e is the electron’s charge. 
A(x,t) is the potential of the electromagnetic field. Let us consider the case when the potential of 
the electromagnetic field is only a function of time A(x,t) =A(t) and does not depend on the 
position (this is the so-called dipole approximation), as is the case for the intracavity electron– 
photon interaction under consideration. In the dipole approximation, the Hamiltonian becomes 
equivalent to the following [56]: 
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where x is the position operator and  
1
( )E A t
c
   electric field. For the single-mode cavity, the 
electric field is 
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Hence, we arrive at the following Hamiltonian that describes the interaction of the electron with 
the singlemode cavity quantized electromagnetic field: 
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 is the coupling constant of the intracavity electron–photon interaction, 
and V is the volume of the cavity. In the interaction picture, where we replace  i tae a  , one 
arrives at the following Hamiltonian, which describes the interaction of the electron passing the 
cavity with the intracavity electromagnetic field (the vibrating wall leads to the parametric 
generation of photons): 
 
                         
2
2 2 2 2 .
2 2
i t i tpH gx ae a e a a i a a
m
                                           (6) 
 
The equations of motion for the electron and the intracavity field are as follows: 
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We will drop the fast oscillating terms from the equations for the field operators a and a† and 
will solve them, obtaining 
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for the number of photons. Thus, we arrive at the problem of an electron moving in an external 
electromagnetic field without any influence of the electron on the intracavity field. Let us now 
make a comment related to the treatment of the problem of motion of an electron in an external 
fluctuating (thermal or quantum) electromagnetic field. As was shown by Klimontovich [57] 
(see also [58]), a Langevin equation approach to the problem may lead to incorrect results. A 
better way to treat the problem is to begin with the kinetic equation for the momentum 
probability distribution function. 
This approach would allow us to treat systematically the process taking into account the 
conservation of both energy ( 2 2( ) / 2 (0) / 2p m p m   ) and momentum 
( ( ) ( )k p p 0  ). However, we restrict ourselves to the regime where we neglect the 
backaction of the electron on the field. We can now write down the equation for 
the momentum of the electron in the following form (hereafter, we will denote a(0) and a†(0) as 
a and a†, respectively): 
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with Ω = 2ω. The solution to this equation is as follows: 
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where τ is the flight time of the electron passing the cavity. We will assume that, initially, there 
was a thermal vacuum with temperature T. Hence, we have a zero value for the following 
quantities: 2 2 0a a a a      and tha a N
   the number of thermal photons, 
whereby ... , the average over the initial state is assumed. For the average of the kinetic energy 
2
2
p
K
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If the Casimir photons are absent, that is, in the case of a pure vacuum (λ = 0), we obtain 
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Notice that for the appropriately chosen parameters, such that ωτ = πn (n = 1, 2, …), the energy 
does not change. Meanwhile, for the same parameters and for λ ≠ 0, we obtain the following 
change in the kinetic energy: 
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having τ = 2πn/Ω, n = 1, 2, …. For small values of λτ << 1, this simplifies to become 
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Therefore, once one detects the change in the average kinetic energy for certain parameters, it 
would manifest the direct proof of the existence of Casimir photons. Let us now turn to a 
calculation of the kinetic energy variance 
22 2( ( )) ( ) ( ) .K K K     , where we keep only 
terms on the order of 
2( )O g  
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 In the case of the absence of the Casimir photons (λ = 0), we get 
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Let us assume that the initial average kinetic energy is 2
0( ) / 2K 0 mv  and substitute it into the 
above equation 
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where we introduced the length of the electron flight through the cavity 0L v  . From this 
equation, we notice once again that, for the parameters such that Ωτ = 2πn, the variance of the 
kinetic energy remains constant. Meanwhile, for the same parameters and for small enough  
λτ <<1, we obtain 
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Now, we have two ways of checking for the presence of Casimir photons. In one way, we may 
employ the change of the average kinetic energy and, in the other, we should exploit the kinetic 
energy variance.  
 
 
3. CONCLUSION 
 
In conclusion, we have proposed an experimental way for detecting a dynamical Casimir effect. 
The setup involves the interaction of electrons passing a cavity with a vibrating wall and 
interacting with the intracavity electromagnetic field. For certain parameters, it becomes possible 
to directly recognize the presence of Casimir photons. We point out that the enhancement of the 
effect for finite temperatures makes it easier to detect the dynamical Casimir effect. 
 
 
 
REFERENCES 
 
1.  H. G. B. Casimir, Proc. K. Ned. Akad. Wet. C 51, 793 (1948). 
2.  G. Plunien, D. Muller, and W. Greiner, Phys. Rep. 134, 87 (1986); V. M. Mostepaneko 
and N. N. Turnov, The Casimir Effect and Its Applications (Clarendon, London, 1997). 
M. Bordag, The Casimir Effect 50 Years Later (World Sci., Singapore, 1999); M. 
Bordag, U. Mohideen, and V. M. Mostepanenko, Phys. Rep. 353, 1 (2001); K. A. Milton, 
The Cusimir Effect: Physical Manifestations of the Zero-Point Energy (World Sci., 
Singapore, 2001); K. A. Milton, J. Phys. A: Math. Gen. 37, R209 (2004); S. K. 
Lamoreaux, Rep. Prog. Phys. 68, 201 (2005). 
3.  S. K. Lamoreaux, Phys. Rev. Lett. 78, 5 (1997); U. Mohideen and A. Roy, Phys. Rev. 
Lett. 81, 4549 (1998); 
4. G. Moore, J. Math. Phys. (N.Y.) 11, 2679 (1970); S. A. Fulling and P. C. W. Davis, Proc. 
R. Soc. London, Ser. A 348, 393 (1976); L. H. Ford and A. Vilenkin, Phys. Rev. D 25, 
2569 (1982). 
5. 5. C. K. Law, Phys. Rev. Lett. 73, 1931 (1994); Phys. Rev. A 49, 433 (1994); V. V. 
Dodonov, Phys. Lett. A 207, 126 (1995); V. V. Dodonov and A. B. Klimov, Phys. Rev. 
A 53, 2664 (1996); O. Meplan and C. Gignoux, Phys. Rev. Lett. 76, 408 (1996); A. 
Lambrecht, M.-T. Jaekel, and S. Reynaud, Phys. Rev. Lett. 77, 615 (1996). 
6. G. Plunien, R. Schutzhold, and G. Soff, Phys. Rev. Lett. 84, 1882 (2000). 
7. M. Crocce, D. A. R. Dalvit, and F. D. Mazzitelli, Phys. Rev. A 64, 013808 (2001); Phys. 
Rev. A 66, 033811 (2002). 
8. W.-J. Kim, J. H. Brownell, and R. Onofrio, Phys. Rev. Lett. 96, 200402 (2006). 
9. M. Brown-Hayes, J. H. Brownell, D. A. R. Dalvit, et al., J. Phys. A: Math. Gen. 39, 6195 
(2006). 
10. Artemiev, A.I., Fedorov, M.V.,Shapiro, E.A. Laser Phys., 4, 1114 (1994). 
11. A.I. Artemyev, M.V. Fedorov, A.S. Gevorkyan, N.Sh. Izmailyan, R.V. Karapetyan, A.A. 
Akopyan, K.B. Oganesyan, Yu.V. Rostovtsev, M.O. Scully, G. Kuritzki, J. Mod. Optics, 
56, 2148 (2009). 
12. M.V. Fedorov. Atomic and Free Electrons in a Strong Light Field, Singapore, World 
Scientific, 1997. 
13. Oganesyan, K.B. and Petrosyan, M.L., YerPHI-475(18) – 81, Yerevan, (1981). 
14. Fedorov, M.V. and Oganesyan, K.B., IEEE J. Quant. Electr, vol. QE-21, p. 1059 (1985).  
15. G.A. Amatuni, A.S. Gevorkyan, S.G. Gevorkian, A.A. Hakobyan, K.B. Oganesyan, V. 
A. Saakyan, and E.M. Sarkisyan, Laser Physics, 18  608  (2008). 
16.  Zh.S. Gevorkian, K.B. Oganesyan Laser Physics Lett., 13, 116002, (2016). 
17. K.B. Oganesyan, J. Mod. Optics, 61, 1398  (2014).  
18. A.H. Gevorgyan , K.B. Oganesyan, Optics and Spectroscopy, 110,  952 (2011). 
19. Zaretsky, D.F., Nersesov, E.A., Oganesyan, K.B., and Fedorov, M.V., Sov. J. Quantum 
Electronics, 16, 448 (1986).  
Zaretsky D F, Nersesov E A, Oganesyan K B and Fedorov M V.,  Kvantovaya Elektron. 
13  685 (1986).  
20. Gevorgyan A.H., Oganesyan K.B., Karapetyan R.V., Rafaelyan M.S.  Laser Physics 
Letters,  10, 125802 (2013).  
21. V.V. Arutyunyan, N. Sh. Izmailyan,  K.B. Oganesyan,  K.G. Petrosyan  and Cin-Kun Hu, 
Laser Physics, 17, 1073 (2007).   
22. A.H. Gevorgyan , K.B. Oganesyan, J. of Contemporary Physics,  45, 209 (2010).  
23. K.B. Oganesyan, J. of Contemporary Physics, 51, 307 (2016).    
24. E.A. Nersesov, K.B. Oganesyan, M.V.  Fedorov, Zhurnal Tekhnicheskoi Fiziki, 56, 2402 
(1986).  
25. Fedorov M.V., Nersesov E.A., Oganesyan K.B.,  Sov. Phys. JTP, 31, 1437 (1986). 
26. A.S. Gevorkyan, K.B. Oganesyan, Y.V. Rostovtsev, G. Kurizki, Laser Physics Lett., 12,      
076002, (2015). 
27. K.B. Oganesyan, M.V.  Fedorov, Zhurnal Tekhnicheskoi Fiziki,  57, 2105 (1987).  
28. D.N. Klochkov, K.B. Oganesyan, Y.V. Rostovtsev, G. Kurizki, Laser Physics Lett., 11, 
125001 (2014).  
29.  A.H. Gevorkyan, K.B. Oganesyan, E.M. Arutyunyan. S.O. Arutyunyan,   Opt. 
Commun.,   283, 3707 (2010).  
30. K.B. Oganesyan, Nucl. Instrum. Methods  A 812, 33 (2016).   
31. A.H. Gevorgyan,  M.Z. Harutyunyan, G.K. Matinyan, K.B. Oganesyan, Yu.V. 
Rostovtsev, G. Kurizki and M.O. Scully,   Laser Physics Lett., 13, 046002 (2016). 
32. Petrosyan M.L., Gabrielyan L.A., Nazaryan Yu.R., Tovmasyan G.Kh.,  Oganesyan K.B., 
Laser Physics, 17, 1077 (2007).  
33. A.H. Gevorgyan, K.B.Oganesyan,  E.M.Harutyunyan, S.O.Harutyunyan,  Modern Phys. 
Lett. B, 25, 1511 (2011);  K.B. Oganesyan,  J. Contemp. Phys., 50, 123 (2015).  
34. Fedorov, M.V., Oganesyan, K.B., and Prokhorov, A.M., Appl. Phys. Lett., 53, 353 
(1988).  
35. Oganesyan, K.B., Prokhorov, A.M., and Fedorov, M.V., ZhETF, 94, 80 (1988); 
Oganesyan K B, Prokhorov A M and Fedorov M V  Zh. Eksp. Teor. Fiz., 53, 80 (1988); 
Oganesyan K B, Prokhorov A M and Fedorov M V, Sov. Phys. JETP, 68, 1342 (1988); 
A.H. Gevorgyan, K.B.Oganesyan, M.Z..Harutyunyan, M.S.Rafaelyan,  Optik, 123, 2076 
(2012).  
36. A.H. Gevorgyan, K.B. Oganesyan, R.V. Karapetyan, M.S. Rafaelyan, Laser Physics 
Letters, 10, 125802 (2013). 
37. EM Sarkisyan, KG Petrosyan, KB Oganesyan, VA Saakyan, NSh Izmailyan, and CK Hu, 
Laser Physics, 18, 621 (2008). 
38. K.B. Oganesyan, J. Mod. Optics, 61, 763 (2014).  
39. D.N. Klochkov, A.I. Artemiev, K.B. Oganesyan, Y.V.Rostovtsev, C.K. Hu.  J. Modern 
Optics, 57, 2060 (2010).  
40. D.N. Klochkov, A.I. Artemiev, K.B.Oganesyan, Y.V.Rostovtsev, M.O.Scully, C.K. Hu.  
Physica Scripta, T 140,  014049 (2010);  
41. K.B. Oganesyan, J. Contemp. Phys.,  51, 10 (2016).   
42. K.B. Oganesyan, M.L. Petrosyan, M.V. Fedorov, A.I. Artemiev, Y.V. Rostovtsev, M.O. 
Scully, G. Kurizki, C.-K. Hu,  Physica Scripta, T140, 014058 (2010).  
43. K.B. Oganesyan.  Laser Physics Letters, 13, 056001 (2016).  
44. A.S. Gevorkyan, A.A. Grvorgyan, K.B. Oganesyan, G.O. Sargsyan, N.V. Saakyan,  
Physica Scripta, T140, 014045 (2010);  
A.S. Gevorkyan, A.A. Gevorkyan, K.B. Oganesyan, Phys.  Atom. Nuclei, 73, 320 
(2010). 
45. K.B. Oganesyan.  Laser Physics Letters, 12, 116002 (2015).  
46. A.H. Gevorgyan, K.B. Oganesyan, G.A.Vardanyan, G. K. Matinyan, Laser Physics,  24, 
115801 (2014). 
47. M.L. Petrosyan, L.A. Gabrielyan, Yu.R. Nazaryan, G.Kh. Tovmasyan, K.B. Oganesyan,  
J. Contemp. Phys., 42, 38 (2007). 
48. K.B. Oganesyan, J. Contemp. Phys., 50,  312 (2015).  
49. DN Klochkov, AH Gevorgyan, NSh Izmailian, KB Oganesyan, J. Contemp. Phys., 51, 
237 (2016).  
50. K.B. Oganesyan, J. Mod. Optics, 62,  933 (2015).  
51. D.N. Klochkov, K.B. Oganesyan, E.A. Ayryan, N.Sh. Izmailian,  J. of Modern Optics, 
63, 653(2016).  
52. K.B. Oganesyan, J. Contemporary Physics, 51, 307 (2016).  
53. A.H. Gevorgyan, K.B. Oganesyan,   Laser Physics Lett., 12, 125805 (2015).   
54. 10. V. L. Ginzburg and V. M. Fain, ZhETF 32, 162 (1957) [Sov. Phys. JETP 5, 123 
(1957)]. 
55. 11. D. F. Walls and G. J. Milburn, Quantum Optics (Springer, Berlin, 1994). 
56. 12. M. Goeppert-Mayer, Naturwissenschaften 17, 932 (1929). 
57. 13. Yu. L. Klimontovich, ZhETF 54, 136 (1968) [Sov. Phys. JETP 27, 75 (1968)]. 
58. 14. Yu. L. Klimontovich, Statistical Physics (Nauka, Moscow, 1982; Academic, New 
York, 1986). 
 
